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	 In	 this	 extended	 essay,	 a	 jumping	 ring	 setup	 has	 been	 established	 in	 order	 to	 find	
magnetic	 force	 applied	on	 a	 ring	 as	 a	 function	 of	 applied	 current.	 	A	basic	 setup	 consists	 of	 a	
solenoid,	ferromagnetic	rod	core	and	non‐ferromagnetic	electrically	well	conductive	ring	put	on	




Impedance	of	 the	 solenoid	was	 found	using	 voltage‐current	 linear	 curve	 fit.	 From	 inductance‐












Thomson’s	 alternating	 current	 jumping	 ring[1]	 is	 the	 first	 device	 of	 its	 kind	 based	 on	 the	
Faraday’s	 Electromagnetic	 Induction	 law	 in	 physics.	 Elihu	 Thompson	 performed	 the	 first	
experiment	with	 the	 jumping	ring	device	 in	1887.	 	 It	consists	of	a	coil,	 ferromagnetic	rod	core	
and	 nonferromagnetic	 electrically	 well	 conductive	 ring	 put	 on	 the	 core	 as	 shown	 in	 Figure	






Faraday's	 law	 states	 that	 whenever	 a	 conductor	 is	 placed	 in	 a	 varying	 magnetic	 field,	
electromotive	 force	(emf)	 is	 induced.	 If	 the	conductor	circuit	 is	closed,	current	 is	also	induced.	
The	 induced	emf	 is	equal	 to	 the	rate	of	change	of	 flux	 linkages	(flux	 linkages	 is	 the	product	of	




















can	 find	 a	 large	 number	 of	web	 pages,	 articles	 and	 videos	 on	 the	 internet.	 All	 of	 the	 classical	
jumping	ring	setups	that	can	be	found	on	the	internet	as	well	as	in	experimental	physics	books		



























Figure	 2.2	 gives	 a	 schematic	 illustration	of	 the	whole	 system.	The	design	 includes	 a	 timer	 (or	
timing)	relay	to	limit	the	operational	time	in	order	to	prevent	excessive	heat	up	of	the	solenoid	
in	 use.	 A	 contactor	 and	 an	 overcurrent	 relay	 are	 also	 included	 in	 order	 to	 limit	 the	 flow	 of	
electrical	current	above	a	maximum	value.	Electrical	protection	system	is	shown	in	Figure	2.3.	





Contactors	 are	 used	 by	 electrical	 equipment	 that	 is	 frequently	 turned	 on	 and	 off.	 A	 sudden	
overcurrent	flow	through	electrical	equipment	such	as	motors,	coils	on	a	repeated	demand	may	
cause	them	to	break	easily.	In	such	demanding	applications,	high	current	is	controlled	by	a	low	
current	 through	 contactors	 so	 that	 overload	 is	 prevented	 in	 repeated	 on	 and	 off	 operations.	
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Operation	of	a	contactor	shown	 in	Figure	2.4	 is	based	on	 the	Faraday’s	 law.	Coil	placed	 inside	





2.	 Iron	wire	with	3	mm	diameter.	The	wire	 is	 cut	 to	make	 thin	 rods	each	having	65	 cm	 in	
length.	Thin	rods	are	inserted	through	solenoid.	
3.	Two	optical	sensors	(Sharp	MZ80	Industrial	Infrared	Sensor).	They	are	placed	20	cm	apart	
from	 each	 other.	 Choose	 an	 optical	 sensor	 with	 a	 reasonable	 delay	 time	 (response	 time).	
When	 the	 power	 is	 turned	 on,	 aluminum	 ring	moves	 upward	 fast	 and	 covers	 the	 distance	
between	two	sensors	within	a	time	frame	of	fractions	of	a	second.	
4.	Arduino	Uno	microcontroller	board	and	AC‐to‐DC	adaptor	to	supply	external	input	voltage.	
















cm	 in	 thickness.	 Solenoid	 is	 placed	 in	 between	 two	 circular	 plates	 whose	 diameters	 and	































































Thermal	 overcurrent	 relay	 shown	 in	Figure	 2.3	 (see	 also	Figure	2.1,	 Part	 number	7),	 protects	
electrical	power	systems	against	excessive	currents	that	may	be	caused	by	short	circuits,	ground	













Reading	 of	 measurements	 is	 achieved	 by	 two	 optical	 sensors	 and	 a	 microcontroller	 unit.	
Normally	 sensor	 send	 signal	 as	 long	 as	 the	 laser	 light	 produced	 by	 the	 sensor	 is	 detected.	 If	
jumping	 ring	 (aluminum)	 	 interrupts	 the	 laser	 light	 while	 	 moving	 upward	 direction,	 signal	
produced	by	the	sensor	is	also	interrupted	and	at	the	same	moment	the	change	is	recorded	by	a	
















In	 the	preliminary	part	of	 the	experiment,	 electrical	 current	 values	 corresponding	 to	different	
applied	voltages	to	the	solenoid	were	measured.	Importance	of	these	measurements	and	the	plot	
produced	from	them	are	explained	below:	
Ohm's	 law	 states	 that	 the	 current	 through	 a	 conductor	 between	 two	 points	 is	 directly	
proportional	to	the	potential	difference	across	the	two	points.	Proportionality	constant	is	called	







|ܼ| ൌ |௏||ூ| ൌ ඥܴଶ ൅ ሺ2ߨ݂ܮሻଶ										(1)	
In	Eq.	(1),	f	is	the	frequency	(50	Hz),	R	
is	 the	resistance	of	 the	circuit	and	L	 is	
the	inductance.	Inductance	is	the	name	
given	 to	 the	 property	 of	 a	 component	
that	 the	 change	 of	 current	 flowing	
through	 it	 induces	 an	 electromotive	
force	 (voltage)	 within	 itself	 that	
opposes	 the	 change	 of	 current	 as	 a	
result	of	their	changing	magnetic	field.	





























	ܸ ൌ ܼ. ܫ ൅ ܾ	,											(2)	
















Voltage	 and	 current	 values	of	 Figure	 3.2	 is	 listed	 in	Table	3.1.	They	 are	 the	 average	 values	of	
Tables	B.1‐B.7	given	in	Appendix	B.	Time	values	will	be	used	in	the	next	section.	In	order	to	have	
statistically	accurate	result,	I	have	collected	at	least	ten	measurements	for	each	applied	voltage	
and	 corresponding	 current.	 Small	 deviation	 from	 the	 straight	 line	 in	 Figure	 3.2	 is	 due	 to	
fluctuations	of	the	city	voltage	as	well	as	 in	the	fluctuations	of	 frequency	around	50	Hz	during	
the	 summer	 time.	 To	 calculate	 the	 inductance,	 L,	 first	 resistance,	 R,	 of	 the	 solenoid	 has	 been	
measured	to	be	1.83	±	0.001	Ω.	Then,	using	the	left	hand	side	of	Eq.	(1),	
ሺ4.685ሻଶ ൌ ሺ1.83ሻଶ ൅ ሺ2ߨሺ50ሻܮሻଶ	,	
and	finally	we	arrive	at	L=	13.73	±	0.01903	mH.	
Since	the	magnetic	energy	stored	in	the	solenoid	(inductor)	is	given	by	
	 	 	 	 	 ܷ ൌ ଵଶ ܮܫଶ	,																	(3)	




























In	 this	 part	 of	 the	 experiment,	 the	 jumping	 ring	 apparatus	 is	 energized	 in	 order	 to	 create	
electromagnetic	 propulsion	 that	 shoots	 the	 aluminum	 ring	 in	 upward	 direction.	 When	 the	
aluminum	 ring	 is	 placed	 while	 the	 power	 switch	 button	 is	 off,	 optical	 sensors	 at	 the	 bottom	
sends	its	electrical	signal	to	previously	programmed	Arduino	microcontroller,	indicating	that	the	
ring	 obstructs	 the	 laser	 light.	When	 the	 button	 is	 pressed,	 allowing	 the	 current	 flow,	 induced	









the	 aluminum	 ring	 during	 the	 measurement.	 That	 is,	 we	 can	 assume	 that	 motion	 of	 the	
aluminum	 ring	 starts	 from	 rest	 and	 covers	 the	 distance	Δy	 =	 0.2	m	 in	 t	 seconds	 because	 of	 a	
constant	 net	 force	 acting	 on	 it.	 Drag	 force	 is	 not	 included	 in	 the	 calculation.	 Equations	 of	 the	
linear	motion	are	given	by	
	 	 	 	 	 ∆ݕ ൌ 	ݒ଴ݐ ൅	ଵଶ ܽݐଶ	,		 		(5)	
	 	 	 	 	 ݒ ൌ ݒ଴ ൅ ܽݐ,																						(6)	
	 	 	 	 	 ܨ௡௘௧ ൌ ݉௥௜௡௚ܽ,													(7)	
where,	
	v0	=	0,	initial	speed,	
	ܨԦ௡௘௧ ൌ ܨ஻ሬሬሬሬԦ ൅ 	ܨ௚ሬሬሬԦ	,	
	 	 	 	 	 Fnet	=	FB	‐	Fg	,	
Fg	=	mring	g	








B,	 result	of	 calculations	are	 summarized	 in	Table	 	3.3	and	 in	Figure	3.3.	Best	 fit	 to	 the	data	 is	
given	by	




















163.82	 8.91	 0.054083	 136.75	 7.396 26.63	 2.13	
169.52	 10.06	 0.050819	 154.88	 7.871 28.34	 2.41	
177.65	 11.52	 0.050449	 157.16	 7.929 28.54	 2.44	
188.25	 13.78	 0.048142	 172.59	 8.309 29.91	 2.68	
205.21	 17.18	 0.044968	 197.81	 8.895 32.02	 3.08	
212.39	 19.21	 0.044709	 200.11	 8.946 32.21	 3.11	















In	 this	 part	 of	 the	 experiment,	 three	 aluminum	 rings	
having	the	same	inner	and	outer	radius	but	with	different	
heights	have	been	used	as	shown	in	Figure	3.4.	Masses	of	
three	 rings	 are	 12.4,	 15.5	 and	 20.1	 grams.	 Durations	 of	
jump	 height	 of	 0.2	 m	 with	 respect	 to	 ring	 masses	 for	
various	applied	voltages	were	measured.	The	results	are	
presented	in	Figure	3.5.	



















Explanation	 is	given	 in	 the	second	academic	paper:	Rings	of	different	axial	 lengths	(thickness)	
sliced	 from	 a	 metal	 pipe	 with	 constant	 wall	 thickness	 have	 a	 circumferential	 resistance	 that	













































wires	 in	 the	market	 do	 not	 have	magnetic	 property.	 Therefore,	 I	 had	 to	 use	 raw	 iron	 so	 that	
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LCD	display	 is	set	and	“Ready	 for	experiment”	 is	displayed.	As	 long	as	 the	ring	remains	at	 the	
start	position,	the	first	sensor	(sen1)	sends	“0”	because	its	light	is	obstructed.	This	information	is	

























	 164.2	 	 8.893	 54180	
	 161.5	 	 8.786	 55996	
	 164.4	 	 8.906	 52884	
	 163.3	 	 8.906	 56028	
	 164.3	 	 8.92	 51540	
	 164.5	 	 8.933	 54368	
	 163.4	 	 8.846	 54312	
	 164.4	 	 8.92	 56940	
	 163.3	 	 8.986	 53864	
	 164.2	 	 8.92	 54468	
	 164.5	 	 8.986	 50340	
Average	 163.8182 	 8.909273	 54083.64	
Std.	
Deviation	







	 170.5	 	 10.08	 48852	
	 170.4	 	 10.06	 49268	
	 169.7	 	 10.60	 50924	
	 170.3	 	 10.08	 50912	
	 170.3	 	 9.51	 50504	
	 165.6	 	 10.04	 50636	
	 169.9	 	 9.986	 51040	
	 169.9	 	 10.00	 51984	
	 168.6	 	 10.00	 51124	
	 170.0	 	 10.04	 52952	
Average	 169.52	 	 10.06	 50819.6	











	 177.8	 	 11.58	 52024	
	 177.8	 	 11.56	 48544	
	 177.7	 	 11.40	 48216	
	 177.7	 	 11.56	 48064	
	 177.9	 	 11.61	 52504	
	 178.1	 	 11.62	 49276	
	 178.2	 	 11.61	 52876	
	 177.3	 	 11.34	 50604	
	 177.2	 	 11.45	 53076	
	 177.2	 	 11.45	 47552	
	 177.2	 	 11.49	 52204	
Average	 177.6455 	 11.51545 50449.09	








	 188.6 	 13.86 51344	
	 188.7 	 13.89 46704	
	 187.9 	 13.60 47800	
	 188.4 	 13.80 49796	
	 188.3 	 13.77 46264	
	 188.2 	 13.81 47064	
	 188.3 	 13.82 51472	
	 188.3 	 13.80 50452	
	 188.3 	 13.80 45480	
	 188.0 	 13.74 48228	
	 187.8 	 13.73 44960	
Average	 188.2545 	 13.78364 48142.18	











	 205.3 	 17.6 44240	
	 205.7 	 16.84 44192	
	 205.4 	 17.49 44884	
	 205.1 	 16.73 46612	
	 205.2 	 17.46 44832	
	 205.1 	 16.46 43836	
	 204.9 	 17.46 47112	
	 205.1 	 16.73 48116	
	 205.3 	 17.54 42168	
	 205 	 17.49 43696	
Average	 205.21 	 17.18 44968.8	








	 212	 19.21	 44460	
	 213.3	 19.35	 44852	
	 212.6	 19.26	 43780	
	 212.4	 19.29	 44208	
	 212.1	 18.68	 43668	
	 212	 19.18	 45640	
	 211.9	 19.17	 44604	
	 212.3	 19.26	 45512	
	 212.4	 19.28	 45076	
	 213	 19.38	 44292	
	 212.3	 19.24	 45712	
















	 222.5	 21.58	 44268	
	 222.2	 21.53	 45908	
	 221.8	 21.46	 43456	
	 222	 21.46	 42464	
	 222.4	 20.8	 42336	
	 222.6	 21.62	 43328	
	 222.5	 21.56	 44492	
	 222.8	 21.65	 43876	
	 222.4	 21.28	 45264	
	 222.1	 21.25	 45648	
Average	 222.33	 21.42	 44104	
Std.	Deviation	 0.302030168 0.2552319 1249.48345	
(7)	
Table	B.1	through	B.7.	Statistical	values	 for	various	voltage	and	electrical	current	values.	Time	
values	in	the	last	column	give	the	distance	(0.2	m)	covered	by	the	aluminum	ring	between	two	
optical	sensors.	
	
